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SYSTEM, METHOD, AND APPARATUS FOR 
DIVISION COUPLED WITH ROUNDING OF 

SIGNED BINARY NUMBERS 

RELATED APPLICATIONS 

The present application claims the priority bene?t of US. 
Provisional Patent Application Ser. No. 60/426,618, entitled 
“Algorithm for Division Coupled With Rounding of Signed 
Binary Numbers”, by Kishore et., al., ?led Nov. 15, 2002, 
Which is incorporated herein by reference for all purposes. 
The present application is also related to US. patent appli 
cation Ser. No. 10/414,580, entitled “System, Method, and 
Apparatus for Division Coupled With Truncation of Signed 
Binary Numbers”, by Kishore, et. al., ?led Apr. 15, 2003, 
Which is incorporated herein by reference for all purposes. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[Not Applicable] 

MICROFICHE/ COPYRIGHT REFERENCE 

[Not Applicable] 

BACKGROUND OF THE INVENTION 

Various applications require rounding of signed numbers 
divided by an integer poWer of tWo, e.g., 1, 2, 4, 8, 16, etc. 
Rounding implies integer division With rounding to the 
nearest integer. Half integer values are rounded aWay from 
0. For example, 3/2 is rounded to 2, While —3/2 is rounded to 
—2. 

Rounding of unsigned numbers can be achieved by addi 
tion along With the right shift operation. The value that is 
required to be added to a numerator and the number of times 
right shift has to be performed is equal to the log2 of the 
denominator. For example, if 14 (01110) is to be rounded by 
four, log24:2 (10) is added, resulting in 16 (10000). The 
result is then right shifted tWice, resulting in 100, or four. 

Although the foregoing scheme Works for unsigned 
binary numbers, it does not yield correct results for signed 
binary numbers. This is because of the fact that in tWo’s 
complement representation of signed binary numbers, the 
sign bit (most signi?cant bit) of the numbers carries a 
negative Weight. Thus if 10010 (—14) has to be rounded by 
100 (4), the result should be —4. HoWever, the foregoing 
scheme results in 101 (—3). 
One Way to achieve rounding of signed binary numbers is 

to convert the signed number to unsigned numbers (preserv 
ing the sign information), round the unsigned numbers, and 
apply to sign information. The foregoing adds additional 
steps of converting each signed number to unsigned number, 
requiring more processing, and more time. 

Further limitations and disadvantages of conventional and 
traditional approaches Will become apparent to one of skill 
in the art, through comparison of such systems With embodi 
ments presented in the remainder of the present application 
With references to the draWings. 

BRIEF SUMMARY OF THE INVENTION 

A method for ef?cient division by a signed divisor With a 
magnitude that is an integer poWer of tWo (2", or —2", Where 
X is an integer) coupled With rounding of a signed dividend 
is presented herein. If the divisor is positive, the dividend is 
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2 
added to one half of the magnitude of the divisor. If the 
divisor is negative, the inverse, or compliment, of the 
dividend is added to one half of the magnitude of the divisor. 
If the dividend is negative, and the divisor is also negative, 
one is added to the sum of the inverted dividend and one-half 
of the magnitude of the divisor. If the dividend is negative 
and the divisor is positive, one is subtracted from the sum of 
the dividend and one-half the magnitude of the divisor. The 
result is then right shifted X times. If the signs of the divisor 
and the dividend are same, a Zero is shifted into the most 
signi?cant bit during each right shift. If the signs of the 
divisor and the dividend are different, the mo st signi?cant bit 
of the result is shifted in as the most signi?cant bit during 
each right shift. 
A circuit for dividing a dividend by a divisor, Wherein the 

magnitude of the divisor is an integer poWer of tWo, is also 
presented herein. The circuit comprises a sWitch for select 
ing either the dividend or the compliment of the dividend. 
The selection is based on the sign bit of the divisor, Wherein 
the sWitch selects the dividend of the sign bit of the divisor 
indicates that the divisor is positive, and the compliment of 
the dividend if the sign bit of the divisor indicates that the 
divisor is negative. The circuit comprises another sWitch that 
selects either one half of the magnitude of the divisor, or one 
half of the divisor minus one, based on the sign bit of the 
selection of the other sWitch. An adder receives and adds the 
selections from both sWitches as Well as the sign bit of the 
divisor. A shift register right shifts the result from the adder 
X times and shifts in either a one or a Zero into the most 

signi?cant bit each time. Whether a one or Zero is shifted 
into the shift register is determined by a unit comprising of 
an eXclusive or gate and an and gate. The eXclusive or gate 
compares the sign bit of the divisor and the dividend. The 
output of the eXclusive or gate anded With the most-signi? 
cant-bit(sign bit) of the result of the adder is shifted into the 
shift register during each right shift. 
An encoder for encoding data is presented herein. The 

encoder includes a discrete cosine transfer engine, a quan 
tiZer, a Zig-Zag scanner, and a Huffman decoder. The quan 
tiZer either implements the method presented herein or 
incorporates the circuit presented herein. 

These and other advantages and novel features of the 
embodiments in the present application Will be more fully 
understood from the folloWing description and in connection 
With the draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

FIG. 1 is a How diagram for rounding signed numbers in 
accordance With an embodiment of the present invention; 

FIG. 2 is a circuit for rounding signed numbers in 
accordance With an embodiment of the present invention; 
and 

FIG. 3 is a decoder con?gured in accordance With an 
embodiment of the present invention. 

DESCRIPTION OF THE INVENTION 

Referring noW to FIG. 1, there is illustrated a How 
diagram for rounding a signed integer dividend by a signed 
integer divisor Which is either 2", or —2", Where X is a 
positive integer. At 5, the absolute value of the divisor 
divided by tWo is determined. The absolute value of the 
divisor divided by tWo can be determined, by for eXample, 
taking the rightmost X+1 bits, and right-shifting the right 
most X+1 bits one time. 
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At 10, a determination is made Whether the divisor is 
positive. If the divisor is positive, the dividend is added (12) 
to the result of 5. If the divisor is negative, the compliment 
of the dividend is added (14) to the result of 5. The 
compliment of the dividend is taken by inverting each bit 
position in the dividend. 

At 15, a determination is made Whether the dividend is 
negative. If at 15, the dividend is negative, a determination 
is made Whether the divisor is positive at 20. If the dividend 
is negative at 15, and the divisor is positive at 20, one is 
subtracted (25) from the result at 10. If the dividend is 
negative at 15, and the divisor is negative at 20, one is added 
(30) to the result at 10. If the dividend is positive at 15, 
20*30 are bypassed. 
At 35, a determination is made Whether the signs of the 

divisor and dividend are the same. If the signs are the same, 
the result from 15, 25, or 30 is right-shifted (40) X times. If 
the signs are different, the result from 15, 25, or 30 is 
right-shifted X times, and during each shift, a most-signi? 
cant-bit(sign bit) of the result of 15, 25, or 30 is shifted in 
(45). The result is the signed integer dividend rounded by the 
signed divisor. 

Referring noW to FIG. 2, there is illustrated a block 
diagram of an exemplary circuit for rounding a signed 
integer dividend by a signed integer divisor that is either 2", 
or —2", Where X is a positive integer. The circuit includes an 
input for the dividend 105 and the divisor 110. The input for 
the dividend 105 includes an inverter 115 for inverting the 
dividend. The dividend and the inverted dividend are 
received at a sWitch 120. The sWitch 120 selects either the 
dividend or the inverted dividend and is controlled by the 
sign bit of the divisor. If the sign bit of the divisor is a “0”, 
the sWitch selects the dividend. If the sign bit of the divisor 
is a “1”, the sWitch selects the inverted dividend. 
A second sWitch 130 selects either one-half of the mag 

nitude of the divisor or one-half of the divisor minus one, 
based on the sign of the output of the sWitch 120. One-half 
of the magnitude of the divisor can be achieved by right 
shifting the divisor one time, and discarding each bit to the 
left of the least signi?cant “1”. For eXample, to take one-half 
the magnitude of —4, represented by 111 11100, right-shifting 
one time results in 111110. Discarding each bit to the left of 
the least signi?cant bit results in 10, representing 2. One-half 
of the magnitude of the divisor minus one is taken by 
inverting one-half of the divisor minus one. In the previous 
eXample, 10, representing 2, is inverted to provide 01, 
representing 1. If the sign of the output of the sWitch 120 is 
a “1”, the output of sWitch 130 is one half of the magnitude 
of the divisor minus one. If the sign of the output of the 
sWitch is a “0”, the output of the sWitch 130 is one half of 
the magnitude of the divisor. An adder 135 receives and adds 
the output of the sWitch 130, sWitch 120, and the sign bit of 
the divisor. 

The circuit also includes an XOR gate 138. The XOR gate 
138 receives the sign bits of both the divisor and the 
dividend. Where the bits match (both 0, or both 1), the 
output of the XOR gate 138 is a 0. Where the bits are 
different, the output of the XOR gate 138 is a 1. The output 
of the XOR gate 138 goes as input to a tWo input AND gate, 
the other input of Which is the most-signi?cant-bit(sign bit) 
of the result of adder 135. 
A shift register 140 receives the output of the adder 135 

and the AND gate as inputs. The shift register 140 loads the 
output of the adder 135 and right shifts X times. During each 
shift, the least signi?cant bit of the shift register 140 is 
shifted out. Additionally, during each shift, the output of the 
AND gate is shifted in as the most signi?cant bit. After the 
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4 
foregoing, the contents of the shift register 140 are the 
dividend rounded by the divisor. 

Rounding a signed number by a poWer of tWo is used in 
a variety of applications, including digital compression. 
During MPEG compression, data is quantized. The quanti 
Zation of the data includes rounding the data by a poWer of 
tWo. 

Referring noW to FIG. 3, there is illustrated an eXemplary 
MPEG video encoder 300 Wherein the present invention can 
be practiced. The encoder comprises a DCT engine 305, a 
quantiZer 310, a Zig-Zag scanner 315, and a Huffman 
Decoder 320. The DCT engine 305 receives image data and 
converts the image data from the spatial domain to the 
frequency domain. 
The image data in the frequency domain is represented by 

a matriX of coef?cients 325, each of Which correspond to 
particular frequencies. The quantiZer 310 receives the matriX 
of coef?cients 325 and quantiZes the matriX of coef?cients 
325. Because human vision is less discriminating to contri 
bution of higher frequency coef?cients, the higher frequency 
coef?cients can be represented With less accuracy Without 
signi?cant noticeable distortion. Accordingly, the higher 
frequency coef?cients are represented by feWer bits While 
the loWer frequency coef?cients are represented by more 
bits. 

The quantiZer 310 represents the coef?cients by quantiZed 
value and a scale factor. The scale factor is 2X, or —2X, 
Wherein X is an integer. For higher frequencies, X is higher, 
While for loWer frequencies, X is loWer. To determine the 
quantiZed value, the coef?cients 325 are rounded by the 
scale factor. The quantiZer 310 can be incorporated the 
circuit described in FIG. 2, or implement the How diagram 
of FIG. 1 to round the coef?cients 325 by the scale factor. 

The output of the quantiZer 310 is provided to the zigzag 
scanner 315. The Zig-Zag scanner 315 scans the quantiZed 
coef?cients diagonally starting from the top left corner and 
ending at the bottom right corner. The output of the zigzag 
scanner 315 is provided to the Huffman encoder 320. The 
Huffman encoder 320 encodes the scanned quantiZed coef 
?cients using a variable length code. 
One embodiment of the present invention may be imple 

mented as a board level product, as a single chip, application 
speci?c integrated circuit (ASIC), or With varying levels 
integrated on a single chip With other portions of the system 
as separate components. The degree of integration of the 
monitoring system Will primarily be determined by speed 
and cost considerations. Because of the sophisticated nature 
of modern processors, it is possible to utiliZe a commercially 
available processor, Which may be implemented eXternal to 
an ASIC implementation of the present system. Altema 
tively, if the processor is available as an ASIC core or logic 
block, then the commercially available processor can be 
implemented as part of an ASIC device With various func 
tions implemented as ?rmWare. 

While the invention has been described With reference to 
certain embodiments, it Will be understood by those skilled 
in the art that various changes may be made and equivalents 
may be substituted Without departing from the scope of the 
invention. In addition, many modi?cations may be made to 
adapt particular situation or material to the teachings of the 
invention Without departing from its scope. Therefore, it is 
intended that the invention not be limited to the particular 
embodiment(s) disclosed, but that the invention Will include 
all embodiments falling Within the scope of the appended 
claims. 
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The invention claimed is: 
1. A circuit for dividing a dividend by a divisor, Wherein 

the magnitude of the divisor is an integer poWer of tWo, said 
circuit comprising: 

a ?rst sWitch for selecting the dividend or the compliment 
of the dividend; 

a second sWitch for selecting one half of the magnitude of 
the divisor or one half of the magnitude of the divisor 
minus one; 

an adder for adding the selection of the ?rst sWitch and the 
selection of the second sWitch and outputting a sum; 
and 

a shift register for right shifting the sum from the adder 
the integer poWer of tWo times. 

2. The circuit of claim 1, Wherein the ?rst sWitch selects 
the dividend if the sign bit of the divisor is Zero and selects 
the compliment of the dividend if the sign bit of the divisor 
is one. 

3. The circuit of claim 1, further comprising: 
an exclusive OR gate for comparing the sign of the divisor 

and the sign of the dividend; and 
anAND gate for providing the product of an output of the 

exclusive-OR gate and a most signi?cant bit of the sum. 
4. A circuit for dividing a dividend by a divisor, Wherein 

the magnitude of the divisor is an integer poWer of tWo, said 
circuit comprising: 

a ?rst sWitch for receiving the dividend and the compli 
ment of the dividend; 

a second sWitch for receiving one half of the magnitude of 
the divisor and one half of the magnitude of the divisor 
minus one; 

an adder connected to the ?rst switch and the second 
sWitch; and 

a shift register connected to the adder. 
5. The circuit of claim 4, Wherein the ?rst sWitch receives 

the sign bit of the divisor and selects the dividend if the sign 
bit of the divisor is Zero and selects the compliment of the 
dividend if the sign bit of the divisor is one. 
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6. The circuit of claim 4, further comprising an exclusive 

OR gate connected to the shift register. 
7. An encoder for encoding data, said encoder comprising: 
a discrete cosine transformation engine for transforming 

the data to the frequency domain; 
a quantiZer for quantiZing the data in the frequency 

domain; and 
memory for storing a plurality of instructions for dividing 

a dividend by a divisor, Wherein the magnitude of the 
divisor is an integer poWer of tWo, the plurality of 
instructions further comprising: 
adding the dividend to one half of the magnitude of the 

divisor, Wherein the divisor is positive; 
adding a compliment of the dividend to one half of the 

magnitude of the divisor, Wherein the divisor is 
negative, thereby resulting in a sum; and 

right-shifting the sum the integer number of times. 
8. An encoder for encoding data, said encoder comprising: 
a discrete cosine transformation engine for transforming 

the data to the frequency domain; 
a quantiZer for quantiZing the data in the frequency 

domain, the quantiZer further comprising a circuit for 
dividing a dividend by a divisor, Wherein the magnitude 
of the divisor is an integer poWer of tWo, the circuit 
comprising: 

a ?rst sWitch for selecting the dividend or the compliment 
of the dividend; 

a second sWitch for selecting one half of the magnitude of 
the divisor or one half of the magnitude of the divisor 
minus one; 

an adder for adding the selection of the ?rst sWitch and the 
selection of the second sWitch and outputting the sum; 
and 

a shift register for right shifting the sum from the adder 
the integer poWer of tWo times. 


